Thoracic epidural block provides superior analgesia for thoracotomy. However, ipsilateral shoulder pain is not uncommon despite successful blockade of the thoracic segments. The following case reports of five patients illustrate successful abolition of the shoulder pain with interscalene brachial plexus block.
CASE 1
A 73-year-old male was scheduled for elective resection of a right lower lobe tumour via thoracotomy. He had a history of mild hypertension controlled with a diuretic. There was no preoperative complaint of shoulder pain or neck pain. He was premedicated with pethidine 50 mg IM one hour before operation. An 18-gauge epidural catheter was inserted at the T7-8 level without difficulty, followed by a test dose of 3 ml of 0.5% plain bupivacaine. General anaesthesia was induced 10 minutes later with propofol and intubation was facilitated with suxamethonium IV. Anaesthesia was maintained with isoflurane, nitrous oxide and alcuronium. An epidural infusion of 0.1% bupivacaine with 3 µg/ml fentanyl was commenced at 8 ml/h.
The patient was placed in the left lateral decubitus position. Both the upper extremities were extended 100 degrees at the shoulders and slightly flexed at the elbows. A gel pad was placed just caudal to the dependent axilla. The head was supported in the neutral position by a pillow.
A right posterolateral thoracotomy was performed to excise the right lower lobe together with the bronchial lymph nodes. The operation lasted for 90 minutes and was uneventful. The patient was extubated in the operating room after regaining consciousness and adequate muscle power.
On arrival to the recovery room, he was conscious and well orientated. He immediately complained of moderate to severe pain over the right deltoid area. It was described as a continuous ache with no radiation or any association with shoulder movement or respiration. The blood pressure rose to 145/90 mmHg. The level of epidural anaesthesia was tested to be up to T3 level and there was no pain over the incision or chest drain wound. Movements of the upper extremities were satisfactory. There were no respiratory difficulties or ECG signs of myocardial ischaemia. Brachial plexus block via the interscalene approach was chosen for this patient after careful explanation. Lignocaine 1.0% 15 ml with 1 in 200,000 adrenaline was injected into the interscalene groove without eliciting paraesthesiae. Within three minutes, the shoulder pain was completely abolished, followed by motor blockade of the right upper extremity. Sensory examination revealed anaesthesia over the C4-C8 dermatomes. There was no sign of Horners syndrome or hoarseness of voice. Complete pain relief persisted for six hours and then slowly reappeared to a much lesser degree over the next twelve hours. The patient did not require any additional analgesia apart from the epidural infusion which was maintained for three days after the operation. A routine chest X-ray in the postoperative period did not reveal any significant shoulder pathology or malposition of the chest drain.
CASES 2 TO 5
.our other patients, aged 47 to 72, were scheduled for elective resection of a lung mass via thoracotomy. Before induction of general anaesthesia, each patient underwent insertion of a mid-thoracic epidural catheter followed by a test dose of 0.5% bupivacaine. Anaesthesia was maintained with isoflurane, nitrous oxide and oxygen. An epidural infusion of 0.1% bupi-vacaine with 3 µg/ml fentanyl was run at 6 to 12 ml/h. A posterolateral thoracotomy was performed. In the recovery room, all patients complained of ipsilateral shoulder pain. It was dull aching in character and was unrelated to shoulder movement or respiration. There was no complaint of wound pain or chest drain pain. The upper level of epidural anaesthesia ranged from T4-6. Each patient received a brachial plexus block via the interscalene approach with 10 ml of 0.25% plain bupivacaine. The analgesia was immediate and lasted for about 6-10 hours. The ipsilateral shoulder pain recurred to a much lesser degree over the next 10 hours. There were no significant pulmonary complications.
DISCUSSION
With the widespread use of thoracic epidural block for pain control after thoracotomy, ipsilateral shoulder pain is increasingly recognized. Effective blockade of the incisional pain arising from the chest wall by epidural analgesia unmasks the other components of the post-thoracotomy pain complex resulting in unsatisfactory or incomplete pain control. In the early studies of thoracic epidural block for postthoracotomy pain, 40% of the patients mentioned the presence of sources of pain other than the chest wall 1,2 . These included deep-sited pleural drain pain, shoulder-tip pain and shoulder-joint pain which required supplementary intramuscular opioids. Recently, Burgess et al 3 in a prospective study documented the presence of moderate to severe ipsilateral shoulder pain in 86% of the patients who underwent either lobectomy or pneumonectomy. The pain was constant, aching in quality, unrelated to position change or respiration, and moderate to severe in magnitude despite the presence of intense analgesia over the thoracic segments.
Shoulder pain can result from local pathology or extrinsic causes with pain referred to the shoulder 4 . There is controversy as to the origin and neural pathway of post-thoracotomy shoulder pain. Transection of the major bronchus has been suggested to have a close relationship with shoulder pain 3 . However, a causal relationship has not been shown. Mark and Brodsky 5 proposed the stretching of ligaments secondary to rib-spreading and the longer operative time of major pulmonary resections to be more important. Garner 6 demonstrated the role of the sympathetic system by effective treatment of the post-thoracotomy shoulder pain with ipsilateral stellate ganglion block. However, the presence of an associated brachial plexus block had not been ruled out.
Transmission of nociceptive information from the area of injury to the spinal cord leads to central sensitization 7 . Viscero-somatic convergence at the spinal cord explains the neural pathway of referred pain after operation on a viscus 8 . Electrical stimulation of cardiopulmonary sympathetic afferents has been shown to increase spinothalamic cell activity in the 5th and 6th cervical segments of the spinal cord in an animal experiment 9 . This provides the neurophysiological basis of postoperative pain referred to the ipsilateral shoulder as a result of intrathoracic operations. Since most of the thoracic segments have been blocked by the epidural analgesia, it is possible that the nociceptive visceral afferents from the thoracic viscera reach the cervical segments via the ipsilateral sympathetic chain and stellate ganglion leading to central sensitization. This may also explain the efficacy of stellate ganglion block for the postthoracotomy shoulder pain 3 .
Compared with stellate ganglion block, interscalene brachial plexus block is more superficial and has more easily identifiable landmarks. In the patients reported here, the shoulder pain subsided immediately with the brachial plexus block and the loss of muscle power further confirmed the efficacy of the block. The pain recurred with the wearing-off of the block but to a much lesser degree and did not require further treatment.
Improper and prolonged positioning results in hyperextension of the shoulder joint and compression and traction of the brachial plexus 10 . This may occur despite careful positioning of the upper extremities and the head. Central sensitization of the cervical segments of the spinal cord may exaggerate any nociceptive impulses originated from the ipsilateral shoulder region. The brachial plexus block prevents nociceptive impulses from the shoulder region from reaching the spinal cord. However, involvement of the phrenic nerve in the conduction of nociceptive stimuli from the thoracic viscera cannot be ruled out. Interscalene brachial plexus block is associated with 100% incidence of phrenic nerve block and diaphragmatic dysfunction 11 . Recently, phrenic nerve block has been shown to be effective to treat shoulder pain laparoscopic cholecystectomy under combined general and epidural anaesthesia 12 . A similar pre-emptive approach has been advocated for thoracotomy 5 .
We have previously used ketorolac to treat shoulder pain after thoracotomy. It has the disadvantages of slow onset, platelet inhibition, potential nephrotoxicity and variable clearance, especially in the elderly population. Extension of the thoracic epidural blockade to the cervical level is not justifiable because it would cause bilateral phrenic nerve involvement and extensive sympathetic blockade. Supplementary systemic opioids exaggerate the risk of respiratory depression in the presence of epidural opioids. Brachial plexus block provides prompt relief of ipsilateral shoulder pain after thoracotomy in the presence of effective thoracic epidural analgesia. It improves the quality of pain control and may help to prevent the postoperative shoulder dysfunction resulting in long-term frozen shoulder 13 .
However, a high incidence of diaphragmatic paresis and compromise in pulmonary function has been reported during interscalene brachial plexus block 11 . In the presence of intercostal motor weakness secondary to the thoracic epidural blockade, any reduction of the ipsilateral diaphragmatic motility may further impair the cough mechanism and result in atelectasis. This is especially important in postthoracotomy patients. Profound sympathetic block following combined spinal anaesthesia and interscalene brachial plexus block may lead to sudden cardiovascular collapse 14 . Systemic toxicity and excessive spread of local anaesthetic can be avoided by using a lower concentration, lower volume and meticulous technique. The use of 10 ml of 0.25% bupivacaine in the latter four patients served to minimize the complications of the brachial plexus block.
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